s ee The influence of temperature on the path-— 
_ difference and. on the schillerization 
in soda-orthoclase and moonstone. 


BY 


_ SHUKUSUKE KOZU AND MINEICHI MASUDA. 


Reprinted Srom the Science Reports of the Tohoku 
Lmperial University, Series TH, Vol. [I1, No. 1. 


SENDAI, JAPAN 


July, 1926 


The Sciehce Reports Series Hl (Mineralogy, es and 
Economic Geology), which have been pulished are :-— 


VoL I, No. 1. | 


S, Kézu and Y. End*,—X-ray analysis of adularia and moonstone, and the influence of ~ 


i temperature on the atomic arrangement of these minerals. . 7... 2.4... i : ; BE 
‘ S. Kézu and M. Bueiie Cpu eee and thermal properties of moonstone from iS regt 
% Lee Kigreal 2. Ae eae er Be EE (ee aa EDS 1 19 een : 
2 ~ §. Kézu aud K, Seto, —Sanidine fron the ees Nf BPE ET AeA 26 
2 ~ >M. Watanabé,-—Cortlandtite and its associated LOCKS Aco Fed es (ke et ee peace ae fs = 


ee es gee _ Vol. I, No. 2. 2 Ss Ber EF i hee 

2M, Watanabé,—Geological structures of the ore deposits of the Yakuki and the Ono mines, 51 
J. Takahashi,—Vhe marine kerogen shales from the oil fields of Japan. A contribution oe Se 
to the study of the origin of weesEs S Sn IM OE Gee 63 Z ee 


Vol I-No: 3. BE ge FE ee: 
S. Satoh; Ae heat effect on fire clays ands their mixtures. eee eo ES Bey, 156 ; Meee 
K. “Kinoshita,—Anhydrite from. the Hanaoka mine. Sy. 3 ee YS A= fb 955 Z 
K. Seto,—Chemical study of some felspars. CE pe ee ee B=, 25s 
S. Kozu and M: Suzuki,—Further studies on the influence of temperature-on the optic ee 


Z Go e radial: eaple7 or sabud es, 5, = fae Yee a ge = ge a Se 2G g ee 


oe Vol. II, Nos. 1- 27% Z == Bes LLG eG 


Re ; S. Kozu,. K. Seto and K, Kinoshita,—A. new. mineral “kéchite CALOs: 35102- 5H). = errs eas e 
. ee = S. Kézu and S. Satki,—Further studies on -kéchite. —.- 2. Joe) So “ 9 eS PVE 
g g Se : : K. Kinoshita,—Golloidal solution as the mineralizing solution -of the Kuremono Aoppsite 235% 3 
2 a : M. Watanabé,—On the application of ae Pens solution for ‘the study of ore - 
ey MITITE CaS ae eee sy eg Ries en ee BE Sass a 


ieee = ie _ J. Takahashi,—On the so called contact phenomena of the “Tertiary oil measure iccad sale 2 
: oe i by rhyolite (ips 2 aes Mee op See er Se 5G! 
% les Le fi J. Takahashi,—On the effect of cine Ss: Satance on the erence] decomposition of bitdnens. 59 

J. Takahashi,— Brackish water shale in the Okozu cut and its sigmiganes to the petroleum 

is ; Spe - ste ee ey 88 
eee = é a= 3 M. ‘Watanabé,--Some bigee of diffusion, with pee reference i its _study eu ore 


= Ceposits, 4p el nee pee 


eee Ose, : sevens SE EO yo asta a ed AE OR TO a MOG 


eee Ie ae ee ee I Vol. iL, No. 3 a se : 

oe EE oe ‘Si Koz. and M. Slee The thiuence of temperature on the epues axial angle of aula : 
“yellow orthoclose and moonstone. ae ft ee ee oes “187 a , 

z Ss. Koz and S. Saiki,— The thermal expansion of alkali- felspars. . PE ea 293 = 


MM. Watanabé a and ss We T. Fujisaki —F urther studies on. the oe of diffusion: Acsoinyane 


14 —p- 


* OF CEMS: 


ie) 


HER-BERYLS -CATALO 


The influence of temperature on the path- 
difference and on the schillerization in 
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As mentioned previously,” the schillerization of the Korean moon- 
stone vanishes completely when the crystal is heated up to 700°C for 
one hour, while in the case of the Ceylon moonstone the schiller still ap 
pears but its intensity is decreased and, until the crystal begins to melt, 
a very faint colour is noticed. 

There are two different kinds of schiller in the Ceylon moonstone, 
one shows a whitish pearly luster and is tianslucent when the mineral 
section is seen by transmitted light, while the schiller of the other is 
similar to the fluorescence colour of kerosene and the crystal appears 
transparent. In the former case, the colour is not much changed by 
heating the specimen at 700°C for one hour, while in the latter it be- 
comes markedly fainter as the result of the same thermal treatment. In 
both cases, the schiller practically disappears at 1150°C which is the 
temperature at which the crystal begins to show a milky appearance, this 
indicating the commencement of fusion. 

In the case of the soda-orthoclase from Frederiksvarn, the mode 


of change in schillerizatian on heating is somewhat different from that 


1) K6zu AND Suzuki, The influence of temperature on the optic axial angle of moon- 


stone etc. S. R., 111, Vol. 2, No 3, 197. 
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of the crystal mentioned above. The rate of decrease in the intensity 
of the colour is smaller and even in a crystal heated as high as up to 
1000° C the schillerization can still be clearly noticed. The temperature 
at which the colour vanishes completely is one slightly lower than 
1150° C, this temperature being practically the dissociation point of the 
crystal. 

The Laue photographs taken of the basal cleavage pieces of this 
felspar, after they have been heated at desired temperatures, are shown 
in Pls. I-III. If we compare the modes of change caused by heating 
as shown in the Laue photographs of the soda-orthoclase and of moon- 
stones from Korea” and Ceylon” with those of changes in the schil- 
lerization of these felspars treated thermally in the same manner, we no- 
tice that both changes are suitable for comparison. For instance, the 
double point system of the Korean moonstone becomes single at 700° C, 
at which temperature the schillerization of the crystal vanishes comple- 
tely, while in the case of the soda-orthoclase the point system in still 
evidently double and the schillerization is not very much changed at 
this temperature when compared with the non-heated crystal. The 
double points of the soda-orthoclase can be still observed in a crystal which 
has been heated at 1130°C for one hour (Fig. 8, Pl. ID). At this 
temperature the colour of this crystal is deeper than that of the Ceylon 
moonstone, while it suddenly vanishes completely at 1150°C, which is 
the temperature at which the crystal has already commenced to melt, 
as seen in Fig 1o, Pl. III. But in the case of the slow rate of cool- 
ing of the soda-orthoclase, we can not observe in the Laue photograph 
any special point which corresponds to 700° C, observed in the Ceylon 


moonstone as mentioed before.” 


1) See Pls. II-VI in “ X-ray analysis of adularia and moonstone”, S. R,. 111,Vol. 1, 
NOD ets 


2) See Pl. I. in «the influence of temp. on the optic axial angle ect”., S, R., 111, Vol. 
2, Ne. 3. 


3) See Figs. 1-3 in PI. VII. in “X-Ray analysis etc., S. R., III, Vol. I, No. -1 
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Table I. 


The thermal expansion of the soda-orthoclase from Frederiksyarn, 


measured along the direction perpendicular to the base (001), 


Expansion in % Expansion in 9% 
Temperatrue Temperature 
ray EG: in) &€ 

Heating Cooling Heating Cooling 
20 0.000 0.345 600 0.4.10 0.535 
50 0.010 — 620 0.418 — 
100 0.028 = 630 — 0.560 
15c 0.050 0.350 650 0.4.45 0.570 
200 0.080 0.355 670 0.4.00 — 
210 0.090 — 700 0.505 0.585 
220 0.090 -— 730° = 0.605 
250 O.115 0.362 750 0.580 0.610 

260 0.120 — 800 0.065 0.62 
300 0.155 0.380 820 0.720 = 
320 0.180 — 850 0.765 0.670 
350 0.197 0.4.00 88o 0.805 ae 
360 0,200 — goo 0.520 0.705 

400 0.240 0.4.30 930 0.830 = 
450 0.280 0.455 950 0.840 0.745 
480 0.315 — gso 0.880 non 
500 0.350 0.4.70 y00O 0.840 0.800 
530 0.370 — jo20 0.898 = 
550 0.370 0.495 1050 0.910 0.860 
580 0.395 _ 1100 0.949 0.940 


The thermal expansion of the soda-orthoclase and the temperature effect 
on the optic axial angle of the crystal were tried to examine by the same 
methods as that applied to the Ceylone moonstone and the experimental 
results” of the moonston already have been published. However, owing 
to the impurities contained in the crystal and to its becoming translucent 
when the crystal plate is heated at high temperatures, the experiments in 
the case of the soda-orthochase were not as successful as those in the case of 
the moonstone. The result of the measurment” for the thermal expansion 
along the direction perpendicular to the base (001) is given in Table Iand 


the relation between the expansion and the corresponding temperature is 


1) K6zu and Saikt,- The thermal expansion of alkali felspars, S. R., IH, Vol. 2, No. 3, 
ed eg 203-238. 
2) ‘The measurement was made by S. Saiki in our Institute under the guidance of one 


of the authors, we wish to express our thanks for his help. 
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shown in Fig 1, in which 500° C is only a temperature fairly well dis- 
tinguishable to show volume change taking place in a special rate. Other 
changes such as those at 700°C, 900°C etc., which were observed 
distinctly in other alkali felspars, are not very well determined in this 


felspar, this being essentially due to the impurities contained in it. 


O 100 200 300 4CO 50O 600 700 800 900 1000 1100 1200 


Fig, 1. The thermal expansion of soda-orthoclase from Frederiksvarn, 


measured along the direction perpendicular to the base. 


Another method which was applied to the crystal with the object 
of finding the temperature at which its thermal properties change sudden- 
ly was that of the measurement of the change in the path-difference of 
the transmitted light through the crystal caused by heating. The mea- 
surement was made for three different thin sections parallel to (091), 
(o10), and (100) respectively. The mineral sections were heated in an 
electric-resitance furnace at desired temperatures, for one hour in each 
case and were then quenched. The path-difference was determined by 
compensation method using a polarization microscope with a Seidentoph 
Compensator attached. The results are as given in Table II. 

The figures which show the change in path-difference in the accom- 
panying Table are not very accurate, but they are sufficiently so for 
determing the change qualitatively. The changes in the retardation 


with the temperatures given in the above Table are drawn diagramma- 
tically in Fig. 2. 


From the diagram, it is evident that the change at 


500°C is only observed in the curve of the section parallel to (100), 


The infutuence of temperature on the path-difference etc. 


Change in the path differeuce of the soda-orthoclase from Frederiksvarn. 


Table II. 


Section parallel to (100) 


Temperature at 
which the crys- 


Time for heating 


Scale reading of 


retardation which 


tal was heated is zero. 
18°C 1 hour 4.50 
100 ” ” 
200 ee ” 
300 ” ” 
400 5 ” 
Bie) ” 4.52 
55° ” 4.53 
600 ” ” 
650 s es 
700 ” ” 
75° ” 4.55 
800 » 4.57 
850 ” ” 
goo ” 4-59 
95° ” 4.54 
1000 9 4.52 
1050 ” ” 
1100 5 4.51 
1150 i 4.17 


Section parallel to (010) 


1 hour 
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Table II. (Covtinucd.) 


Section parallel to (001) 


18 1 hour 3-93 
IO0O ” ” 
200 » ” 
300 ” x 
400 ” ” 
500 » +” 
550 i » 
600 ” ” 
650 ” ” 
700 ” ” 
75° ” 3.98 
800 » 3-99 
850 FF 4.00 
goo ” 4.01 
95° ” 4.02 
1000 . 4.03 
1050 % 4.02 
1100 i 4.01 
1150 . 270) 
Oey etc as On a a ea 
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Fig, 2. Soda-orthoclase from Frederiksvirn. The curves 


show the change in retardation caused by heating 
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while the one at about 700°C is seen in all the curves obtained 
from the three different directions. The path-difference observed on the 
section parallel to (010) decreases in value at higher temperatures 
than 700°C, in spite of the fact that in the other two sections 
it increases with a rise of temperature. In the curve obtained from 
the section parallel to (100), the maximum value corresponds to about 
goo° C. which is the temperature at which the optic axial angles of the 
aduralia from St. Gotthard and of the Ceylon moonstone change rapidly, 
as already mentioned.” At 1150° C, the curves drop rapidly in all cases 
of the three different sections, this indicating the commencement of fusion. 

For comparison, the same phenomena in the Ceylon moonstone 
were measured in parallel by the above experiments and the results are 


given in Table 3 and Fig. 3. The change at 500° is only observable 


th-difference. 


fa 


(007) 


4 - -— 


> ” 
Jemperature in C 


Fig. 3. Moonstone from Ceylon. The curves show the change 


in the retardation caused by heating. 


in the curve obtained from the section parallel to the plane of 
schillerization which is nearly parallel to (100), the case being the 
same as that of the soda-orthoclase. The changes at 700°C and at 
goo® C or 950° C, the temperatures being characterized by rapid change 
in the optic axial angle and in the thermal expansion of the. felspar, 
can also be fairly well distinguished in the case obtained by this kind 


of experiment, though the temperatures appear to have risen slightly 


higher. 
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Table III. 


Change in the path difference of the Ceylon moonstone. 


Seciion nearly parallel to (109). 


Vemperature at 
which the cry- 
stal was heated 


Seale reading of 
retardation 
which is zero. 


Time for 
heating 


20°C 1 hour 


Section parallel to (001) 
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From what we have stated above, it is seen that there are three 
different temperetures, viz 500° C, 700°C and goo°C;” at which the 
path-difference of the transmitted light through the soda-orthoclase 
changes at special rates. These temperatures are the same as_ those 
obtained in the case of the Ceylon moonstone by the measurements of 
the optic axial angle, the thermal expansion, and by X-ray analysis. 

Hence we may conclude that the changes in the internal structure 
of the soda-orthoclase” caused by heating are simillar in their essential 
features to those of the Ceylon moonstone,” the chemical formulae of 
these felspars being expressed as Orgy Ab;;; Any ¢ and Or;s3 Aboy. Ane; 


respectively. 


1) An inyersion point at about 900° C in the crystals of albite and orthoclase, deter- 
mined by the change in the pahh-difference, has been described by Merwin, J, Wash, Acad. 
Sci., I. 59(1911) 

2) SiO, =66.21, Ale Os =18.89, Fee Os =0.14, Ca0=0.34, Nag O=6.75, Ke O=7.29 
and total=99.62; analysed by K. Seto. 

3) SiO: =65.87, Alg Os =19.70, Ca0=0.49, Nag O=2 62, Ko O=12.06, total= 100.74, 
analysed by K. Seto. 
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Fig, 1. Soda-orthoclase. Fig. 2. Heated at 405°C for 


non-heated. 30 minutes, then quenched. 


Fig. 3. Heated at 600°C for 30 Fig. 4. Heated at 800°C for 


minutes, then quenched. 30 minutes, then quenched. 
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Fig. 5. Heated at 1000°C for Fig. 6. Heated at 1030°C for 
g-5 § 


30 minutes, then quenched, 30 minutes, then quenched, 


Fig. 7. Heated at 10380°C. for Fig. 8. Heated at 1130°C for 


30 minutes, then quenched, 30 minutes, then quenched, 
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Vig. 9. Weated at 1130°C for Fig. 10. Heated at 1150°C for 


one hour, then quenched. one hour, then quenched, 


Fig. 11. Heated at 1180°C for Fig. 12. Slowly cooled from 1100°C 


one hour, then quenched. to room-temperature. 
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